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NATIONAL ADVISORY COMMITTER FOR AERONAUTICS

TECHNICAL NOTE NO. 2¢

PROGRESS MADE IN THE CONSTRUOTION OF GIANT AIRFLANES IN
GERMANY DURING THE WAR.
By

A. Baumamn.

The Paris Office of the National Advisory Comittes for Aeronautics
prepared the following Resume of Dr. A. Baumann's paper on the "Progress
Made in the Construction of Giant Airplanss in Geymany durirz ths War."
Dr. Baumann's paper appsared in "Zeitscarift des Versines Doutscher
Ingenieure."

RESUME

The construction of giant airplanes was begwnin Germany in August,
1914. Zeppelin placed it in the hands of Mr. Baumann, who first had
Mr. HIRTH, Engineer and pilot, as Technical Advisory. The Manager of
the Bosch magnetos Company, Mr. Klein, also tock an interest in the
affair, and the construction was begun in the Gotha Wagon Factory, after-
wards being transferred to the Zeppelin Works at Staaken near Bsrlin.

The ennexed Tables give the characteristics of the machines de-
scribed by the aunthor, to which are added the LINKE-HOFFMAN airplanes,
not mentionad in the article.

The Tables show that a large number of airplanes, weighing up to
15.5 tons were constructed and tested in CGermany during the War, and
it is certain that no other country turned out airplanes of this waight,
nor in such large nwmbers.

It would appear, however, that only the Zeppelin Works at Staaken
turned out practical airplanes which rendered service during the War.

An examination of the Tables shows that by the end of the War all
the manufacturnrs had arrived at a well-defined type, namely, za2n air-
plsne of about 12 tons with 4 engines of 260 horsepower, that is, a
total of 1040 HP, .

As regards the arrangsment of engines and propellers, ths Zeppelin
Works kad adopted the system of 4 enzines placed in tandem between the
wings and controlling the propellers directly; this system was adopted
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both for their airplanes and seaplanss built at Stazken, and for their
seaplanes built at Lindau. The other manufacturers preferred to place
the engines in the fuselage, and to have ths propsllers controlled by
the shaft and gear.

If we examine the question of useful weight, we see that the ratio
of useful weight (fuel included) to the total weight of the airplane
does not exceed 30%, which is a very low figure considering that these
airplanes carried about 11 kgs. per horsepower, and which, at the pres-
ent time, constitutes the limit of the load per horscpower realizable
by an airplane loaded at 45 and 50 kg/sq.m, and having its ceiling at
about 3,000 m. This low valus is explained by the very heavy construc-~
tion of the structurs and by the great weight per k.p. of the engine
set, which is, on an averags, 2.5 kg/h.p.

On the other hand, the speed of all these airplanss does not ex-
ceed 130 xm/hr. Under these conditions, we may well ask whether the
results obtained correspond to the enormous output of work and monsy sn-
tailed by the construction of these machines, and whether better re- '
sults might not have been obtained with smallsr machines.

The author kimself now appears to hold this opinion, for in a rec-
ent lecture on "THE DEVELOPMENT OF GIANT AIRFPLANES AND THEIR IMPORTANCE
FROM THE POINT OF VIEW OF AERTAL TRANSPORT™ (Zeitschrift fir Flugtechnik
und Motorluftschiffahrt, No.3, 1920) he stated that he did not think that
an increase in the size of airplanes would lead to an increase of their
useful weight or of their radius of flight, and that increase of speed
should rather be sought by the adoption of thick wings dolng away with
the need of bracing wires. .

As regards the asrodynamic qualitiss of giant airplanes, we may re-
mark that all these machines except the Stasken No, 6 and the Sismens
No. 3, carry very heavy loads per squars meter and per horsepower: from
45 to 50 kgs/sq.m. and fram 10 to 12 kg/h.p. Now, their ceiling is, on
an average, at 3,500 meters and ¢ tation shows that, under thess
conditions, the maximum value of Ky E/KX, measuring the ¢limbing apti-
tude of the machine, is very high: about 2.2, greatly in excess of this
same value for small machines, where it is about 1.7.

On the other hand, from the point of view of structural resistance,
glant airplanes are no% goed. As a matter of fact, the valus of in
horizontal flight near the ground varies between 0,003 and O.OOGBKég/ sg.m/
m:sec., while for small airplanes it is 0.0025 and reaches 0.0019 for
the "Goliath" (Farman).

O this point we mey remark that the bsst value of Ky is realized
by the Stasken No. 6, which is also the machine having the smallest load
per square meter, and which has given the best results. On this sub-
ject we may ask whether, contrary to the belief of certain authors, it
is not advantageous to adopt small loads per square meter, both for giant

airplanes and small machines.
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ZEPPELIN WORKS AT STAAKEN NEAR BERLIN

: No.l 3 No.2 : ¥No.3
Comstructor and Iype.  15y,/15 : 1915/16 __: 1915
ENGINES : 3 : 5 : .6 .
Constructor and Type: Mayovach : Maybach : Daimler
Description : : :
Bore x Stroke : : :

H.P. : : :
T.p.m.;r.p.0m. : 3 x250 =750 : 5 x 250 =1260 : 6 x 160 = 960
{eng) (pro) : : __

DIMENSIONS (inm.) : : :

Span : : :

Length Aspect R. : H :

Helght 3 : :

Surface (in sq.m.): : :

WEIGHT, Total : 3 :
" Fopty : : : : _

Glider : : :.

Engine Set : : R
Useful Load 3 : :

Fuel : : : 3500
Hours of Flight 3,000 : ’
Maximum Jpeed-in = : :

horizontal flight : :

Climb : : :

Ceiling (inm.) ° 3,000 ‘ 4,500 : 3,000
Kg/ sq:m. H H : 3
Kg/HP 3 : :
+Kx in horizontal s : :
flight near ground ) H 2
3/2 : : :
KY /KX - M : <
Ky maximun ;
Remarks : : Smashed befors .

acceptancs

Source of informa- : "Zeitschrift der V.D.Ing. of May:3lst and
tion : Octobor 28th, 1919:
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ZEPFELIN WORES AT STAAKEN NRAR BERLIN.

: No.4 : ¥o.5 : No.o
Comstructor and Type 1915 : 1916 : 1016/17/18
: : Biplano :
: :Contral fnselage:
: ‘1l engine in fus.:
: Biplans :4 engines in : Biplane
Description :Central Fuselage:tandsm in wings :Central fuselage
: :1 Central trac~ :4 enginss in
: : tor propellsr :tandem in wings
: :2 laterai pro- ¢
: puisive propellets
ENGINES : 4 Benz : 5 : 4
Constructor and Type: 2 Daimler  : Maybach ¢ Dajmler
Description : : :
Bore x Stroks : . : :
H.P. : \ : :
T.p.m.;r.p.m. : : : ig;lmo : 5x 250 =1250 : __4 x 260 = 1040
(eng) ; (pro) : : : _ 1400; 700
DIMENSIONS (inm.) : : :
Span : : 1 42,2
Length Aspect R. : : : 8.5
Height : : :
_Surface (in sg.m.): : : 132
WEIGRT, Total : : : 11,500
n Empty : : : 8,300
Glider : : : 5,500/0.61
Engine Set : : : 2,400
Usefu). Load : : :
Fuel : 4,500 : 4,500 : 3,200
Hours of Flight : : :
Maximum Speed in : : :
horizontal flight : : : 135
Climb : 4,000 : 4,000 i 3,000 in 60!
Coill in m) : - : 3,800
¥g/sg.m : : H 35
Ke/OP : : : 11.5
Ey in horizontal | : : : N
£flight near ground: : : 0.0031
KY3/2/KX max, : : : 2.2

KY maximom

LYY

-
-

Romarksa

A e e we se Ha

:Best known type;

tbullt in-guantity
sproduction by the
:Staaken Works, by
:"Aviatik", Schiltte

se 83 en s 95 e

Sourco of Information:

Z. des V.D.Ing. of May 31 and Octk. 28, 1919,

tLanz and "Albasrog!
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ZEPPELIYN WORKS AT STAAXEN NEAR BERLIN

: " : Scapléne : Seaplanc
Constructor and Type: No.7 No.8 : No.9
i 1giv/is : 1917/18 1918
: Biplane : 3 Biplane
:Central fuseliage: : 2 floats
:1 sngine in fus.: Biplanse : 1 engine in fus.
Description 4 eng. in tandem: 2 floats :Central fusslage

in wings :0antral fuselage: 4 engines iIn
1 central prop.:4 ‘eng. in tandem:tandem in wings
4 latergl "

ENGINES
Constructor anl Type

4 S

Meyoach

bs o |eo

5
Vaybach

Description
Bore x Stroks

ea jav we

. Safre o

E.P.
r.p.m.;T.0.0.

(enz) (pro)

5 x 250 =3380 4 x 250=1000 : 5 x 300 = 1500

s sp-spifos oo

N

DIMENSIONS (in m)
Span ’ :
Length Aspect R
Height :
Surfacs (in so.m)

« ss s gy
»

WEIGHT, Total :
" Empty :

Glider N
_Engine Set :

es oo [va s
.

Usaful Toad

Fual ,
Heurs of Flight

4,500 : 4,500 B 5,000

Maximin Spsed 3in
HORTZONTAL FLIGHT

Climb ~

.y

Ceiling (in m)

4,500 : 2,500

Eg/sq.m. :

Kg/HP :

KX In horizontal

fli%‘b nagr ground
Ky~ 2/KX max.

Ky maxium o : :
: :This is Airplanse: This is Lirplane
Remarks : ¢ 6 on floats. : 7 on floats
: :Built by "Avia~ : Built by "Avia-
: :tik" Works ~ ¢ tik Forks

Source of Information:

"Zeltschrift des Versines Deutscher Ingenisure"
of May 3lst and Oct. 28th, 1919,
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SIEMENS-SCHUCKERT

: Ne.l : No. 1 : No.2
Constructor and Typs, 1915 ! ;1915 2 : 1915 ©
H Biplans : : Biplans
:Central fuselagse: :Central fuselage
: 4 engines in :2 eng. in fuselags
Description : line : sworking 2 lateral
¢4 tractor pro- :tractor propellers
: pellers : _____ :
ENGINES : 4 : 2 Argus 2
Cohstryetor and Type: Argus 2 Mercedes Bengz
Description : 4 vertical cyl.:Mercedas, 8 ver-:
Bore x Stroks : Water-cooled :tical cylinders :
H.P, : - i : =
T, pilt.;T.D.m. : 4 x 110 = 440 : :é;gg 660 : 212033?0900700
(eng) (pro) : R — 3
DIMENSIONS (inm) : B
Span : 24 : 24 H 26
Length A4spect B : : :
Height : : :
Surface (in sq.m.): 114 : 114 :
WEIGHET, Total : : 5,200 : 5,200
n Empty : 3,500 : 4,000 : 4,000
Glider : :2,200/0.42 :
Engine Set : 1,800 :
Useful Load : s :
Fuel : : :
== 1,200
Hours of Flight : : ’ :
Maxirman Speed in : : :
horizontel flight -~ : : z
Climb s : 2,000 in 29 : 3,000 in 35!
Ceiling (in m) : : :
Kg/sg.m : : 45.6 :
Rg/HP : : 7.6 : )

Ky in horizental

fli%t near ground
3
Ky Z/Kx mAX,

(Y} pe o0&

v Jee ws

g

KXY maximom

L

e

Remarks

s an w0 gq

The construs-~ ° The Army does
tors have taken:
scme idsas from:
the Sikorskym_gi:of this typs.

not recommend
the development

% s 83 oy

Scurcs of Information:

of Jamuary 24th, 1920.

"Zeitschrifi des Vereines Deutscher Ingenisurs"
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SIEMENS~SCHUCEERT

: No.2 : No.2 : No.3
Constructor emd Type.  ,5,.""2 : 1015 ° : 1917
: Biplans : H Biplane
:Central fuselage: :Central fusslage
Description '3 eng. in fus, :6 eng. in fus.
:2 lateral tract-: :4 pro. in tandem
tor .propsllers : L:between wings.
ENGINES : 3 : 3 :
Constructor andi Type: Benz : Mercedes :
Description : : :
Bore x sixoke : : :

H.P. : : ‘6 x 300 = 1800
r.p.m.;r.p.m. : 3 x220 =660 : 3 x2360 =78 1700: 900 Fore
(enz) (pro) : : : 200 Aft .

DIMENSIONS (in m) : : :

Span : 33 H 38 : 45

Length Aspect R : : : 22

Height : : : 7.5

Surface (in sg.m) : : : 512
FEIGHY, Total : : 7,600 : 15,800

" Enpty : : 5,700 . 11,000

Glider : :
Engine et . .
Usaful Load :

— Fael : H 1.900 4.500
Hours of Fiight _ : ’ '
Maximus Speed in : : :
horizontal flight : : :

Climb : : :

Ceiling (in m) : : 3,300 : 4,500
Kg/sq.m : : : 50.3
Kg/HF : : : 8.6

Kx in horizontal : : :

flight near ground: : H

3/2
K, /KX max, : : 1.8
) Ry maximan : X

Remarks : Only flew after

the Armistice

Source of Informetion:

"Zeitechrift des Versinss Doubscher Ingenieure"
of January 24th, 1620.
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DEUTSCHE-FLUGZEUGWEREE AT LEIFPZIG

: Fo.l : No.2
Constructor and Type. 1915/16 : 1917
H Biplane :
: Central fuselage :
:4 engines in fuselage :
Description :2 lateral tractors pro- :
:pellers on upper wing :
:2 lateral propulsive pro- :
:pellers on lower wing. :
ENGINES : 4 4 4
Constructor and Type: Msrcedes : Mercedes
Description : :
Bore x S4roke : :
H.P.

r.p.m,.;r.p.m. 4 x 220 = 880

4 x 260 = 1040

(eng) (pro) 1450 B
DIMENSIONS (in m) :
Span : : 35.3
Length Aspsct R. : : 21
Height : : 6.5
Surface (in eq.m) : 142 : 265
WEIGHT, Total : 9,400 : 12,000
" Bopty : 6,800 : 8,600
Gliger : 4,300/0.46 : 6,000/0.5
Engine Set : 2,500 : 2,600
Useful ILoad : :
Fusl : :
Hours of Flight @ 2,600 : 3,400
Maximum Speed in : :
horizontal flight : 120 : 132
C1imb : 1000 in 101! :
i 2000 in 25! :
Ceiling (in m) : 3,500 : 3
Kz/sq.m. : 57.7 : a5 |
Kg/HP 2 10.7 : 11.6
in horizontal : :
Kxflight neax ground: 0.00685 : 0.0041%7
KY3/ 2/Kx max. : 2.2 :
Ky maximum : :
iWas used on ths Oriental : 6 machines were ordered by
Remarks front wntil 1917. ¢ the Army. Is now being

transformed for carrying
24 passengers.

Source of Information: "Zeitschrift des Vereines
of Januuary 3lst 1920.

Deutscher Ingeanieure”
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'

s A.E.G. ::  LINKE-HOFFMAN; BRESLAU
Constructor and Typs: H- s
: s Type 1 : Typs 2
Biplans HH Biplane : Biplane

Central fuselage::Clentral fusselage:Central fusslage

Description 4 eng, in fus., ::4 eng. in fus. :4 eng. in fus.
{2 lateral tract-:: 2 tractors ‘working 1 tractor
tors of 5.1 m. i :of 6.9 nm.
ENGINES : 4 :: 4 - : 4
Constructor and Typs: Mercedes ::  Mercedes : Mercedes

Description H HH :
Bore x Stroke s H :
H.P. : HH :
r.p.m, ;r.p.a, : 4 x 260 =1040 :: 4 x 260 = 1040 : & x 260 = 1040
(eng) (pro) :  14B80;750 s¢ 1480;750 1 1450;750
DIMENSIONS (in m) : se :
Sran : 38 I 33.2 : 42
Length Aspect R 9,58 HH 15.6 H 20.3
Height H - 6.7 H 7.1
Surface {in sq.m) @ 260 e 266 i 320
WEIGHT, Total : 12,700 2 11,200 : 12,090
" Buopty : 9,000 3 8,000 : 8,00C
Glider : :: :
Engine Set : : :
Useful Load : st :
Fuel : 3,700 R 3,200 : 4,000
Hours of Flight : 1e :
Maximum fpeed in : - - :
horizontal flight : s 129 : 129
Climb H $ :

Ceiling (inm} : T 3,000 : 4,000
Eg/sq.m : 49 e 42.3 : 37.8
Kg/BP : 12.2 i 10.8 : 11.2

Ky in horizentel @ @ - iz . L
flignt near ground: H : 0.00364&
5 -
Ky / /Kx mex. : i 2.3
KY maximm : O
: :: Both airplanes met with accidents
Remarks : :: before conclusive results were

:: obtained

Source of Information: Z des V.D.Ing:: "Flight" 2nd Doe. 1919.
i 7/i/1920 -
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ZEPPELIN WORKS AT LINDAU
DORNIER SEAPLANES

Hour_g_ of Fligt

Mazimum Speed in
horizontal flight

: Rs.1l : Rs.I1I1
c
onstrustor and 1ype 1915 : 1915/1916
¢ Biplane with W shuged : Monoplane with small
: masts : wings on the hull.
Description : Hull fuselages ! Central hull with fus~
! 3 engines and 3 tractors alage not favric-
H in line. : covered. First 3 eng.
H ¢ in hvll and 3 propul-
C : sive propsllers in line;
: : then 4 enginss in tandem
: : 'between.. upper wing and
: : hull.
ENGINES : 3 :
Constructor and Type Maybach : Maybach
Desceription : : .
Bors x 8troke : H
BH.P, : :
r.p.m.; T p.o. ¢ 3 x 240 = 720 : 4 % 240 = 960
(eng) _ (pro) . "
DIMENSIONS (in m) : :
Span : 43.5 : 33
Length Aspect R : 29 H 24
Height = 7.2 : 7.6
Surface (in sq,m) : 329 : 257
WEIGHT, Total : : 9,100
" Empty : H 7,100
Glider : :
Engine Set :
Useful ILoed H

Climb
Ceiling (in m)
Kg/sq.m. : : 37.7
Kg/HP : : 9.75
K¢ in horizontal : !
Xflisg?t near ground : : :
Ky ' “/Ky max. : :
KY maximun : :
Remarks ! Metaliic construction. Stesl and duraluwinug,

Source of Information: Z des V.D,Ing. 7/11 1920,
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DORNIER SEAPLANES

‘BRs. III
1917

ZEPPELIN WORES AT LINDAU

: Re IV
: 1918

Monoplans hull
Tusslage at height
of wings.

Monoplane hull

Description. : 4 sngines in tandem : Fuselage at helight of wings
: Stesl lonesrons : 4 propellers in tandem.
: Duraluminun ribs :
: n hull. :
ENGINES : H 4
Constructor and Tyre ° 2 Maybach
Description : :
Bore x Stroke : :
E.P. : :
r.p.m.;r.p.m. : 4 x 260 = 1040 : 4 x 260 = 1040
(eng) (pro) : :
DIMENSIONS (in m) : :
Span : 37 H 37
Length Aspsct R. @ 25 : 22
Helight : 8 : 8.6
Surface (in sq.m) ¢ 226 : 226
WEIGHT, Total : A0, 670 : 10,500
v Empty : ! 7,200 : 7,000
Glider : ' :
Engine Bet : :
Useful Load : _ :
Fusl : . 3,470 : 3,500
Hours of Flight : ' _ : _
Maximum Speed in : ! :
horizontal flight - : :
Climb : :
Ceiling (in m) : :
Kg/sq.m : 47.1 : 46.5
Kg/HP : 10.2 : 9.7

KX in khorizontal
flight near ground

KYSZ S/ Ky max.

KY maximurn

.
-

Remarks

Is still used in the
Navy

: Intended for carrying 20
: passengers

Source of Informetion:

Z. des V.D.Ing.

7/11 1920



